The acquisition of German noun plurals was examined on the basis of two-hour spontaneous speech samples from 6 
inflections (Marcus, Ullman, Pinker, Hollander, Rosen & Xu 1992 , Miller & Ervin 1964 . This route has been referred to as a U-shaped pattern of development .
Different accounts have been given of why this U-shaped learning occurs. The dual-mechanism model assumes that the representation and acquisition of inflectional morphology involves two separate mechanisms: a rote-learning mechanism for irregular forms and a symbolic rule system which handles regular inflections , Marcus, Brinkmann, Clahsen, Wiese & Pinker 1995 , Pinker 1991 ). Initially, the child learns regular and irregular forms by the rote-learning mechanism. This is superseded by the rule-system whereby the child realizes that most English verbs and nouns take regular inflections and establishes rules of verb stem + past tense suffix, and noun stem + plural suffix. Overregularization errors occur when the rules are first established. Finally, both processing systems underly the child's and adult's knowledge of inflectional morphology. The rule system is productive and can be extended to nonce forms without relying on lexical entries in memory. The other is a store of irregular forms in lexical memory which is used for processing irregular forms. It is when this system fails to block the rule system that errors of overgeneralization occur , Pinker 1999 .
Connectionist neural network approaches assume that a single learning mechanism underlies the acquisition of regular and irregular inflections (Plunkett & Marchman 1993 , Rumelhart & McClelland 1986 ). In such models, type and token frequencies of input items and the defining properties of a morphological pattern, i.e., phonological and/or semantic regularities, are the basis for generalization. In a series of simulations Plunkett & Marchman (1993) Plunkett & Juola (1999) (Plunkett & Juola 1999 , Plunkett & Marchman 1993 .
How do such models apply to inflectional systems which are not so readily characterized as regular and irregular, but display several regularities? According to descriptive analyses, the German noun plural system is of this kind (Augst 1979 , Duden 1995 , K6pcke 1988 , Mugdan 1977 , Wurzel 1984 . German noun plurals are formed by five different suffixes, -(e)n, -e (schwa), -o (zero marking), -er, and -s (see Table 1 ). Three of these, -e, -o, and -er may combine with a vowel change (Umlaut) of the root, thus rendering 8 different types of plural marking (Augst 1979 , K6pcke 1988 , Mugdan 1977 , Wurzel 1984 . The -n and -e plurals are the most frequent, but exact counts of adult language vary largely: 53-68% for -n, 22-33% for -e, and 2-8% for the -er and -s suffixes (Clahsen 1999) . Regularities in the application of the different plural markers are based on co-occurrence of gender and/or phonological patterns in word endings (see Table 2 ). The regularities can be summarized as follows. Feminine and masculine nouns ending in -e (schwa) take the -n plural. Most masculine and most neuter nouns take the -e plural allomorph, but some take -er. Masculine and neuter nouns ending in -er, -el, -en -chen and -lein always take -o plural. Nouns ending in an unstressed vowel other than schwa or diphthong take -s, as well as plurals of names, and loan words, which are mostly Tables 1 and 2) .
A connectionist neural network should be able to handle such a system, as input frequencies and the defining properties of the regularities -no matter whether they are of a probabilistic or deterministic nature -are the basis of a network's generalizations (Elman, Bates, Johnson, Karmiloff Smith, Parisi & Plunkett 1996 , MacWhinney 1987 , Plunkett & Marchman, 1993 . A dual mechanism model, however, would have to specify what is regular and irregular in the system. Some investigators (Clahsen 1999 , Clahsen, Rothweiler, Woest & Marcus 1992 , Marcus et al. 1995 Table 2 ). Thus, in the experiments of Marcus et al. (1995) and Bartke (1998) (Mugdan 1977) , frequency, and noun gender effects (MacWhinney 1978 , Sch6ler et al. 1998 . Some studies used a narrowly selected range of stimuli (Bartke 1998 , Ewers 1999 . Ewers (1999) found that children 3-5 years old overgeneralized -n or -s less frequently for words with a singular ending in -en as opposed to -er and -el, which is explained by the fact that -en is a plural allomorph besides being a singular noun ending. Bartke (1998) Spontaneous speech data of the acquisition of German noun plurals are rare. Stern & Stem (1928) report correct use of some plural forms by their children from age 2;0. Park (1978) (Wagner 1985) .
In accordance with a connectionist and emergentist viewpoint (Elman et al. 1996 , MacWhinney 1987 , Plunkett & Marchman 1993 (Saffran, Aslin & Newport 1996) (Augst 1979 , Duden 1995 , Mugdan 1977 . METHOD Participants Participants were 22 children, 12 girls and 10 boys, who took part in a large longitudinal study of language acquisition in German-speaking children with normal hearing and in hearing-impaired children with cochlear implants (Szagun 2000a (Szagun , 2000b Everything spoken by the child and the first 500 parental utterances at the relevant data points (see Design) were transcribed using the CHILDES system (MacWhinney 1995). Rules for transcribing contracted speech, coding grammatical morphemes and MLU were adapted to German (Szagun 1999) . Rules for transcribing contracted speech concern the orthography for shortened forms of spoken German, e.g., the shortening of ist (English 'is') to is, or nicht (not) to nich, or du (you) to de, and also involve rules for writing contractions of spoken German, e.g., contracting an infinitive such as drehen (turn) to dreh 'n or hast du (have you) to hast'e. For noun plurals, such contractions involve the dropping of the schwa sound for plurals ending in -en when the suffix occurs after nasals or liquids, for instance, blum'n for blumen (flowers) or baer'n for baer-en (bears) where /n/ is syllabic in a two-syllable word. The rules are an equivalent for German to rules laid down by MacWhinney (1995) for American English. They are spelled out in detail by Szagun (1999 Table 4 . For each plural pattern there is a significant linear and quadratic trend (see Table 4 ). As indicated by bi and b2 coefficients, growth rate is highest for -n plurals, followed by plurals with -e, -o, and Umlaut+-e. The -s class has a slightly higher growth rate than Umlaut+-er, because of its larger quadratic term, and plurals with -er and Umlaut+-o have the slowest growth rates (Fig. 2) . The change in growth rate due to the quadratic term is strongest for -o plurals and fairly substantial for -n and -s plurals while it is only slight for most of the plural classes (see Table 4 for R'). (Fig. 2) Table 5 , as they combine with plural patterns, and with additional examples.
(1) Affixing -n: the suffix -n is affixed to a form already correctly marked for plural or not. Affixation of -n occurred to -e, e.g., die hund-e-n (correct: hund-e, 'dogs') and in a -o marking context.
For the -e context it is not clear whether -n is added to -e or -(e)n substituted for -e. For the -o context, it is not clear whether -n is added to the singular, affixed to a -o suffix, or substituted for a -o suffix. Addition of -n to a correctly marked plural occurred for the following patterns: -er, Umlaut+-er, Umlaut+-e. Examples are: die kind-er-n (correct: kind-er, 'children'), diefledermäus-en (correct: fledermäus-e, 'bats'). (Erroneous -n Affixation discussed here did not occur in a dative plural context where -n marking would be correct.) (2) Affixing -s: The suffix -s is affixed to a form already marked for plural or not. In the case of a -o suffix environment one cannot (3) Affixing -e: The suffix -e is used incorrectly; this occurred instead of -en and for Umlaut+-er, e.g., hei-z-e (correct: herz-en, 'hearts').
(4) Affixing -er: The suffix -er-is used incorrectly; this occurred instead of -n and -s, e.g., spielsach-er (correct: spielsache-n, 'toys'), aut-er (correct: auto-s, 'cars'). There were no effects of age in error use. Therefore, results henceforth will be based on analyses collapsed across this factor. Table 6 , because some word types were identical in the two samples of children and were only counted once. In the presentation of errors in Table 7 it is assumed that affixing -n to -e is an error of addition yielding a doublemarked form. This is done because the error pattern is seen as equivalent to adding -n to Umlaut+-e, where the alternative interpretation -substitution of -(e)n for -e -is not possible. Partial marking is presented as a substitution error, i.e., -e substituting Umlaut+-e, or Figure 7 shows mean numbers of errors per affected plural markers within a particular error category.
A closer examination of the nouns incorrectly marked with -s revealed that children used -s errors differently within the -o plural paradigm. A large majority of nouns affixed with -s ended in -er in the singular, e.g., tiger-s (tigers), saurier-s (dinosaurs), jdger-s (hunters). In German the final -er is pronounced [~] , and children may treat it as equivalent to nouns ending in an unstressed vowel, which take -s regularly (see Table 2 ), thus favouring a regular plural marking pattern. (Gawlitzek-Maiwald 1994 , Park 1978 , Stern & Stern 1928 in a number of ways. We found that children started using plurals when their MLUs were around 1.25 (Szagun 2000b ), compared with 2.75 reported by Park (1978) . This difference is likely to be due to the comparatively large number of speech samples and utterances per child which were analysed here. Noun plurals do not occur as frequently as, for instance, articles, and a considerable amount of spontaneous speech has to be available to sample plural use adequately.
The present results diverge from frequency counts of the different plural classes that have been presented for adults. The 37% and 39% relative frequencies of -n plurals in the present data are much less than the 53% to 68% based on CELEX counts (Clahsen 1999) . For the socalled low-frequency plural classes, counts presented in Clahsen (1999) ranged from 2% to 8%; in the present study frequencies are nearer the upper boundary in most cases, and even reach 1 1 % for the -o pattern. These differences are attributed to the fact that adult speech analysed here is speech directed to young children, whereas frequency counts and estimates presented in Clahsen (1999) are based on adult-to-adult speech or on a small sample of speech to mainly older children (Wagner 1985) . The (Duden 1995 (Gawlitzek-Maiwald 1994 , Park 1978 and elicitation studies (Bartke 1998 , Ewers 1999 , MacWhinney 1978 , Mugdan 1977 , Sch6ler et al. 1998 (Clahsen 1999 , Marcus et al. 1995 , Pinker 1999 (Pinker 1984) is unclear, as children in this study also used no marking quite frequently, and no marking is ambiguous with zero marking. No marking occurs quite frequently, and must therefore be considered as another strategy of coping with a highly complex plural marking system. Yet another strategy is to substitute one plural pattern for another, or part of a pattern for another (viewing partial marking as substitution). When children affix additional elements they prefer the pattern with the most rapid growth rate (-n) and the most deterministic pattern (-s).
A limitation of the present study is that most of the data analysis is based on only 6 subjects. Some Finally, there is no evidence in the present data that a dual structure of regular and irregular plurals is established early in German-speaking children (Clahsen 1999) . There is, however, considerable evidence that patterns of different regularities are learnt and generalized early by these children. Thus, there is no need to invoke a special status of regularity for -s affixation (Clahsen 1999 , Pinker 1999 , given the weak empirical evidence for this view (Bartke 1998 , Marcus et al. 1995 ) and the present empirical evidence against it. Reducing all plural formation patterns of German other than -s to the status of irregularity (Clahsen 1999 , Marcus et al. 1995 does not do justice to a system with rich, but by no means arbitrary, regularities. Rather than attempting to fit a system with multiple regularities into the regular/irregular dualism of English morphology, such a system can be viewed as an exciting challenge to theories of morphological development, and it can help to advance our knowledge of how the mind builds up knowledge on the basis of probabilistic information in the input.
The present study uses frequency and error data in describing the course of acquisition of German plural marking, an inflectional system which has been a focus of recent debate. Frequency effects and error patterns in the present study provide some evidence that children learn the different plural markings by using distributional and frequency information contained in the input language. To clarify acquisitional processes of an inflectional system with multiple regularities in greater detail, neural network simulations using input frequencies actually available to young language learning children, as well as young children's vocabularies, could be a valuable next step.
